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CLAIMS: 

1 I . A method of venicaUy smcking wafeis, comprising: 

2 selcciively depositing s plurality of metallic lines on opposing sur&ees of adjacent wafers: 

3 bonding the adjacent wafers, via respective metallic lines on opposmg sur&ces of the adjacent wafcrt. to 

4 establish electrical connections between active devices on vertically stacked wafers; and 

5 forming one or more vias to establish electrical connections between the active devices on the vertically 

6 stacked wafers and an external interconnect 

1 2. The method as claimed in claim 1, wherein each via is formed by: 

2 selectively etching the top wafer to form a via; 

3 depositing an oxide layer lo insulate a sldewall of the via; 

4 forming a barrier/seed layer in die via; and 

5 depositing a conduction metal on the barrier/seed layer in the via for providing an electrical connection 

6 between active devices on the vertically stacked wafers and the external intent 

J 3. The method as claimed in claim I, wherein the metallic lines aze Copper (Cu) lines deposited ib 

2 serve as elecnrical contacts between active devices on the vertically stacked wafire. 

1 4. The method as claimed in claim 2. wherein the conduction metal deposited in the via is copper 

2 (Cu)oraCualloy. 

1 5. The method as claimed in claim 2. wherem die barrier/seed layer contains a barrier layer deposited 

2 in the via, and a copper (Cu) seed layer deposited in the trench overlying the barrier layer. 
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1 6. The mediod as claimed in claim 5, wherein the bairier Uyer is coo^ni&ed of a material selected 

2 from one oftbe group including tantalum (Ta), tantalum nitride (TaK), titanium (Ti), and tungsten (WX and The Cu 

3 seed layer i$ comprised of a chin layer of copper (Cu) deposited on the banicr layer by ebemical vapor deposition 

4 (CVD) process. 

1 7, The method as claimed in claim 1, further comprising dummy vias airanged on opposing surfiaces 

2 of the acyacent wafers to increase the surface area for wafer-to-wa&r bonding and serve as auxiliary structures such 

3 as ground planes or beat conduits for the acrive devices on the vertically sacked wafen. 

1 8. The mediod as claimed m cJahn 1, wherein the vias are formed tapeied from the top to the bottom 

2 via trench to increase the surface area for wafer to-wa&r bonding in the adjacent wafers. 

1 9. Hie method as claimed in claim I , wherein each via is formed by a dual damascene process 

2 comprised of: 

3 selectively etching the top wafer ro form an upper trench section of a via; 

4 depositing an oxide layer to insulate a sidcwall of the upper trench section of the via; 

5 selectively etching the oxide layer in the upper trench section of the via to form a lower trench section of 

6 the via; 

7 depositing a barrier/seed layer in die upper trench section and the lower trench section of the via; and 

8 depositing a conduction metal on the barrier/seed layer for providing an electrical connection between 

9 active devices on the vertically stacked wafers and an exteinal mtervonnecc. 

1 1 0. The method as claimed in claim 9, wherein the barrier/seed layer includes a banier layer 

2 comprised of a material selected from one of the group including tantalum (Ta), tantalum nitride CTaN), titanium 

3 (Tl), and tungsten (W), and deposited in the upper trench section overiying the oxide layer and ihe lower trench 

4 section of die via; and a copper (Cu> so»d layer comprised of a dlin layer of coppCT (Cu) deposited On the barrier 
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5 layer, aiul deposited overlying the bamer layer in both the upper trench section and the lower trench section of the 

6 via. 

1 11. The method as claimed in claim 1 , wherein the vi^ are formed during a Shallow Treacb Isolation 

2 (STI) process in the top waf^r before the adjacent wafers are bonded, via the respective metBllic lines deposited on 

3 opposing surfJtees of the adjacent wafers. 

1 12. A method offbrming vertically stacked wafers, comprising: 

2 depositing a plurality of metaJUe lines on opposing sur&ees of top and bottom wafers; 

3 forming a conductive plug; 

4 bonding the adjacent wafers, via respective metallic lines, to form venically stacked wafers; and 

5 forming at least one via on the top wafbr to establish electrical connections between the active devices on 

6 the vertically stacked wafers and an external interconneot, by selectively etching through the top wafer uniU stopped 

7 by the conductive plug, depositing an oxide layer to insulate a sidewall of the via, depositing a batrier/seed layer on 

8 the bottom of the via, and filling the via with a conduction metaJ to serve as electrical connections between active 

9 devices on the vertical ly stacked wafers and the ejctemal interconnen. 

1 1 3. The method as claimed in claim 1 2, wherein the metallic lines are Copper (Cu) lines deposited to 

2 serve as electrical contacts between acuve devices on the vertically stacked wafers. 

c 

1 14, The method as claimed in claim 12, whereb the conduction metal deposited in the via is copper 

2 (Cu)oraCttalloy. 

1 1 5, The method as claimed in claim 12. wherein the banier/seed layer contains a banier layer 

2 deposited in the via, and a copper (Cu) seed layer deposited in the via overlying the barrier layer. 
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1 1 6. The method as claimed in claim 1 5, wherein the barrier layer is comprised of a material selected 

2 from one of the group including tantalum, titanium, and tungsten, and The Cu seed layer is comprised of a few layers 

3 of copper (Cu) aioms deposited on the barrier layer by chemical vapor deposition (CVD) process, 

1 17. The method as claimed in claim 12, ftuther comprising dummy vias arranged on opposing 

2 surfaces of the adjacent wafers to increase the surface area for wafer-to-wafer bonding and serve as auxiliary 

3 strucrures such as ground planes or heat conduits for the acdvc devices on tfae vertically stacked wafers. 

.1 1 8. The method as claimed in claim 12, wherein the via is formed tapered flvm the top to the bottom 

2 via trench to increase die surface area for wafer to-wa&r bonding In the adjacent wafers. 

1 .19- Aihree-dimBnsional(3-D) vertically stacked wafer system, comprising: 

2 a first wafer including an acdve region to support one or more integrated circuit (IC) devices; 

3 a second wafer including an active region to support one or more integrated circuit (IC) devices; ' 

^ metallic lines deposited on opposing surfaces of the first and second vvafers at designated areas to establish ' 

5 metal bonding between the first and second wafen in a stack and provide eleco-ical connections between active IC 

6 devices on the ficst and second wafers in the staclc; and 

7 one or more vias formed, via tfae active region of the first wafer, to serve as electrical connections between 
S the active IC devices on the first and second wafers in the stack and an external imerconnect 

* 20. The three-dimensional (3-D) vertically stacked wafer system as claimed in claim 19, wherehi die 

2 meiallic lines include Copper (Cu) Unes deposited on opposing surfeces of the first and second wafers to serve as 

3 electrical contacts between active TC devices on the first and second wafers, 

1 2 1 . The tiffee-dimcnsional {3-D) vertically stacked wafer system as clauned in claim 20, wherero each 

2 via is formed by: 
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3 selectively etching the first wafer to form a via; 

4 depositing an oxide layer to insulate a sidewall of the via; 

5 forming a bairier/seed layer in the via; and 

6 depositing a conductioA metal on the barrier/seed layer in the via for proWding an electrical connection 

7 between active IC devices on the vertically stacked wafers and the external interconnect. 

1 - • 22. The three-dimensional (3-D) verdcally stacked wafer system as claimed in claim 2 1 , wherein the 

2 conduction metal deposited in the via is copper (Cu) or a Cu alloy, and the barrier/seed layer includes a banier layer 

3 • deposited in the via overlying the oxida layer and a copper (Cu) seed layer deposited in die via overlyhig the hairier 

4 layer. 

1 23. The three-dimensional (3-D) verdcally stacked wafer system as claimed in claim 22, wherein the 

2 baiTier layer is comprised ofa material selected from one of the groiq>nichidu)gtanial - 

3 (TaN), titanium (Ti). and tungsten (W), and the Cu seed layer ia comprised of a thin layer of copper (Cu) deposited 

4 on the barrier layer by chemical vapor deposition (CVD) process. 

1 24. The three-dimensional (3-0) vertically stacked wafer system as claimed in claim 20, wherein each 

2 via is formed by a dual damascene process comprised of: 

3 selectively etcUng the top wafer to foim an upper ureneh section of the via; 

4 depositing an oxide layer to insulate a sidewall of the upper trench section of the via; 

5 etching the oxide layer in the upper trench section to form a lower trench section of the via; 

6 depositfaig a barrier/seed layer in the upper trench section and the lower trench section of the via; and 

7 deposMng a conduction metal on the bairier/seed layer for providing an electrical connection between 

8 active devices on the vertically stacked wafers and the external interconnect. 
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1 25. The ihree-diffleASiQttal (3-0) votically stacked wafer system as claimed in claim 24, wherein ihe 

2 barrier/seed layer includes a barrier layer comprised of a material selected from one of ihe group including tamaliun 

3 (T&)t ranmlum nitride (TaN), titanium (TiX and tungsten (W), and deposited in the upper txencb section overlying the 

4 oxide layer and the lower trench section of die via; and a copper (Cu) seed layer comprised of a thin layer of copper 

5 (Cu) deposired on the barrier layer, and deposited overlying the barrier layer in both the upper trench section and the 

6 lower trench section of the via. 

1 26. The tfaree^imensional (3-D) verucally stacked wafer system as claimed in claim 20, wherein the 

2 vias are formed during a Shallow TYench Isolation (STI) process in the first wafer before the Gist, and second wafers 

3 are bonded, via the respective metallic lines deposited on opposing surfaces of the first and second wafers. 

1 27. A three-dimensional (3-D) vertically stacked waftr system, compristaig: 

2 a first stack ofwafers in which adjacent wafers are bonded, via metallic lines deposited on opposing 

3 surges of the adjacent wafers at designated areas to establish metal bonding between the acUacent wafers and 

4 provide electrical connections between active IC devices on the adjacent wafers; 

5 a fh-st stack of wafers in which adjacent wafers are bonded« via metallic Imes deposited on opposing 

6 surfaces of the adjacent wafers at designated areas to establish metal bonding between the adjacent wafers and 

7 provide electrical connections between active IC devices on the adjacent wafers; and 

8 one or more vlas formed on opposing surfiices of the first stack of wafers and the second stack of adjacent 

9 wafers to serve as electrical connections between the active IC devices on the first and second stacks of wafers and 
10 an external interconnect. 

1 28, The three-dimensional (3-D) vertically stacked wafer system as claimed in claim 27. wherein die 

2 metaUie lines include Copper (Cu) lines deposited on opposing surfaces of the a4iacent wa&rs in the first and 

3 second stacks of wafers to serve as electrical contacts between active IC devices on the first and second stacks of 

4 wafers. 
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1 29. The mree-dimensional (3-D} vertically stacked wa^ system as claimed in claim 27, fiiitber 

2 comprising dummy vias arranged <m opjMsing surl^es of the first and second stacks of a^jacem wafers to inaease 

3 The surface area for wafer-to-wafer bonding and serve as auxiliary structures such as ground planes or heat conduits 

4 for die active IC devices on vertically stacked wafers. 

1 30. The three-dimensional (3-D) vertically stacked wafer system as claimed in claim 27, wherein the 

2 vias are fonned tapered from the top to the bottom via trench to increase the sur&ce area for wafer to-wa£er bonding 

3 in the fiisi and second stacks of adjacent wafbrs. 

1 3 1 . The three-dimensional (3-D) venically stacked wa6»r system as claimed in claim 27, wherein each 

2 via is formed by a dual damascene process comprised of: 

3 selectively eichhig the top wafer to form an upper nrench section of a via; 

4 deposhing an oxide layer lo insulate a aidewall of the upper trench section of die via; 

5 etching the oxide layer in the upper trench section of the via to form a lower trench section of the via; 

6 deposhing a barrier/seed layer in the upper trench section and the lower trench section of the via; and 

7 depositing a conduction metal on the barrier/seed layer for providing an electrical connection between 

8 active IC devices on the vertically stacked wafers and the ejctemal interconnect. 

1 32. The three-dimensional (3-D) vertically smcked wafer system as chimed in claim 3 1, wherein die 

2 barrier/seed layer includes a barrier layer comprised of a material selected from one of die group including tantalum 

3 (Ta), tantalum (TaN), titanium (Ti)» and tungsten (W), and deposited in the upper trench section overlying the oxide 

4 layer and the lower trench section of the via; aiuil a copper (Cu) seed layer comprised of a thin layer of copper (Cu) 

5 deposited on the barrier layer, and deposited overlying the barrier layer in both the upper trench section and the 

6 lower trench section of the via. 
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1 ABSTRACT OF DISCLOSURE 

2 A method of veitieally staddne wafers is provided to form three-dimensional (3D) wafer stack. Such 

3 meihod comprising: selectively depositing a plurality of metallic lines on opposing sur&ces of adjacent wafers; 

4 bonding the adjacent wafers, via the metallic lines, to establish electrical connections between active devices on 

5 venically stacked wafers; and forming one or more vlas to establish electrical cormeciions between the active 

6 devices on the vertically stacked wafers and an external interconnect. Metal bonding areas on opposing surfeces of 

7 me adjacent wafers can be increased by using one or more dummy vias, tapered vias, or incoiporating an existing 
g copper (Cu) dual damascene process. 
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